Background: Esophageal cancer is a public health concern around the world; this cancer is the sixth leading cause of death of cancer in the world with about 386,000 deaths per year. Its risk factors include environmental factors such as tobacco smoke, gastroesophageal reflux and genetic changes. iNOS is stated by the effect of various inflammatory factors and is thus called inducible NOS. Investigating iNOS expression is a powerful tool for understanding effective molecular parameters at tissue and cellular responses to external factors. In this research work, iNOS expression in patients with esophageal cancer was studied in Iran. Materials and Methods: 15 formalin-fixed and paraffin-embedded (FFPE) esophageal cancer tissue samples and 15 normal FFPE samples were collected from various medical centers (Zabol, Zahedan, Kashan) to measure iNOS expression by real-time reverse transcriptase polymerase chain reaction (real-time RT-PCR). All PCR reactions were conducted by three replicates for iNOS and internal control (β-actin) by 2 -ΔΔCT (Livak) method. Differences were measured in target gene expression in patients and control group using the t test. All statistical analyses were done using the SPSS software. Results: The results showed that there was no significant difference between iNOS expression in the case and control groups (p > 0.05); however, there was an increase in iNOS expression in the case group. On the other hand, there was a significant difference between iNOS expression in males and females in the two groups of healthy subjects and patients, and it was higher in women than in men. Conclusion: Further studies need to be conducted with larger sample sizes and in other populations to validate these findings.
Introduction
Cancer is the third leading cause of death in Iran. About 30,000 of Iranians die of cancer annually [1] . Esophageal cancer is a common malignant neoplasm worldwide, with a varied geographical distribution which could be due to genetic or environmental risk factors such as smoking, alcohol or diet containing nitrosamines [2, 3] . A recent study from esophageal squamous cell carcinoma showed that such systemic risk factors can produce nitric oxide (NO), which leads to tumor progression [4] . NO is a short-lived endogenous gas which acts as a signaling molecule in the body [5, 6] . NO is a free radical gas that mediates various biological activities such as angiogenesis, transmission of nerve impulses and cytotoxic reactions [7] . It is synthesized from L -arginine by NOS [8] . There are two types of NOS, hybrid (neural and endothelial-cell) NOS and inducible NOS. Generally, neuronal NOS and endothelial-cell NOS produce NO in low concentrations, and they can be induced in neurons and endocrine cells. Their activity depends on high levels of cytoplasmic calcium/calmodulin. On the other hand, iNOS can be created by neutrophils, macrophages, endothelial cells and other cell types, and its induction depends on bacterial production or cytokines independent of calcium/calmodulin concentration [8, 9] . Many recent studies confirm that iNOS can be found in different types of cancer and is correlated to clinical pathological factors such as histological grade, vascular invasion, high grade and correlation forecast [10] [11] [12] [13] [14] . In the present study we evaluated for the first time the expression of iNOS in tumoral and nontumoral esophageal cancer tissue samples collected from two provinces of Iran by using quantitative real-time reverse transcriptase polymerase chain reaction (quantitative realtime RT-PCR).
Materials and Methods
In our study, formalin-fixed and paraffin-embedded (FFPE) samples were gathered from 15 cancerous tissue (case) samples as well as 15 healthy (control) samples. All samples were prepared in the pathology wards of Kashan, Zahedan and Zabol hospitals. RNA extraction from paraffin-embedded tissues was done by paraffin removal from samples and their surrounding tissues. In order to perform slicing (sectioning) appropriately, all blocks were placed at -20 ° C for 24 h, then slicing was done by a microtome tool in a sterile 1.5-μl tube for each block depending on the tissue contents. RNA extraction was performed in three stages as follows: Paraffin was removed by using xylene and ethanol. First, 1,000 μl of xylene was added to each tube. Tubes were vortexed for 10 s and placed in a 37 ° C water bath for 15 min, then they were centrifuged at 12,000 rpm for 2 min. Xylene was removed without damage to the deposit; these steps were repeated two Table 2 . cDNA synthesissecond step or three times according to the samples' paraffin contents. To remove xylene, 1,000 μl of ethanol was added to the tube, then the tube was vortexed for 10 s. After that it was centrifuged at 12,000 rpm for 2 min. Finally, in order to dry the samples and remove residual ethanol, the tubes were left open and the samples were incubated at room temperature or a temperature >37 ° C for 15 min to completely remove residual ethanol. The third step of RNA extraction was done using the RNeasy ® FFPE kit (Qiagen) according to its protocol, and extracted RNA was kept in a freezer at -80 ° C [15] . The quality of the extracted RNA was evaluated by uploading the extracted sample on 1% agarose gel; for higher reliability, the concentration and optical density of samples were measured using optical spectroscopy (ScanDrop ® , Analytic Jena). The next step after RNA extraction was DNA synthesis. This reaction was performed by using a two-step RT-PCR kit (Vivantis). The first mixture was prepared on ice and contained the components listed in tables 1 and 2 [16] . After first mixture synthesis, it was spun (to make a uniform mixture) and incubated at 65 ° C for 5 min, and then the mixture was placed on ice for 2 min and spun briefly afterward. Then the second mixture was synthesized and centrifuged briefly (10 s, 10,000 rpm) and incubated at room temperature (due to presence of random hexamers and to prevent primer separation), and the mixture was consecutively incubated for 60 min at 42 ° C, then the reaction continued by incubating the tube for 5 min at 85 ° C, then the tubes were cooled down by placing them on ice and then centrifuged briefly (10 s, 10,000 rpm); the resulting cDNA was stored at -20 ° C. Primer designing was done using CLC Main Work Bench 5 software and Allele ID 7 software, and the evaluation and analysis in terms of adhesion site and optimum properties were performed by online Beacon Designer Software [17] ( tables 3 , 4 ).
PCR
Master gradient PCR was performed by a thermocycler machine (Mastercycler gradient, Eppendorf). A temperature of 52-60 ° C was considered to confirm the cDNA synthesis by iNOS primers and reference gene. For PCR, a two-step RT-PCR kit (Sinagene) was used. Preparation steps of major PCR solution were performed on ice and all tubes were placed on ice. In each reaction, the amount of material of PCR was determined empirically. Table 5 shows the materials and their concentration in the PCR. The PCR thermal gradient was programmed by the PCR thermocycler machine for each pair of primers to find the best connection temperature ( In tables 7 and 8 , the composition and amount of reaction components of real-time PCR are shown. After placing samples in the system for real-time PCR reaction, the system's software was programmed as shown in table 9 .
A fluorescent reporter was used for this method. These reporters are designed in a manner that if they have DNA replication, they should produce light, so increasing recorded light intensity in the device is directly proportional to the amount of obtained product. By continuing PCR, the fluorescent intensity will increase. The first cycle in which the fluorescent is greater than the baseline threshold is called threshold cycle (CT), in other words, in the initial phase of progressive steps, the amount of fluorescent increases to reach a threshold, and it is higher than the background level with a known amount, and this cycle is called CT. The CT amount was recorded based on drawing a threshold for all samples. For each sample, three replications were performed and the average CT was calculated for all samples. Information processing in realtime PCR is important. To investigate, there are two ways: (1) the Pfaffl method [18] and (2) the ΔΔCT method [19, 20] .
To reduce errors and correct variations in primer materials in RT-PCR, the approved method is simultaneous RNA amplification, which is used as an internal standard. In this study, the comparisons of the patient and control groups were tested by using the t test in SPSS software. 
Results
Samples' CTs were calculated based on the proliferation diagrams after performing reaction on all samples of any concentration using β-actin protein and their curvature drawn (based on the CT on the y-axis and the log of the copy amount on the x-axis). The efficiency of the reaction for β-actin was 1.07 and R 2 was 98% after drawing the standard curvature ( fig. 1 ). The same steps performed for the β-actin standard curvature were performed for the iNOS standard curvature as well. The efficiency of the reaction for iNOS was 90% and R 2 was 97% after drawing the standard curvature ( fig. 2 ) .
Results of Real-Time PCR Reaction
In figure 3 the β-actin proliferation progression in every cycle is shown. Figure 4 presents the progression of iNOS proliferation curvature in every cycle. 
Results of Fusion Curvature Analysis
One of the most important advantages of real-time PCR is fusion curvature drawing by which we determined the diversity of products in the PCR reaction. In order to draw the curvature the instrument changes the samples temperature in specified durations, then the rate of change is shown on the y-axis and the instrument temperature is shown on the x-axis.
The Fusion Changes Curvature in Terms of β-Actin Gene Temperature
In order to draw the curvature, samples temperature increase and the light which was emitted from the samples were measured. In figure 5 it can be seen that there was a sudden drop of florescent light intensity at about 75 ° C. In the fusion curvature, every peak is indicative of one of the PCR products ( fig. 6 ). The fusion peak includes a peak at 78 ° C.
Fusion Changes Curvature in Terms of iNOS Temperature
We then evaluated the fusion curvature in order to see whether PCR worked well or not. In this curvature the samples' temperature increases gradually and the emitted light is measured. The PCR product of iNOS begins to open in becoming single-strand following increasing the temperature of double-strand DNA and dye molecule separate from them. The intensity of fluorescence decreases following increasing the temperature until the temperature reaches around 74 ° C, which is the temperature of the PCR reaction product, then the intensity of fluorescence decreases and breaking will appear in the fusion curvature ( fig. 7 , 8 ). 
Statistical Results Obtained from the Analysis
There was not statistically significant difference between iNOS expression among controls and patients. However, iNOS expression was higher in patients compared with controls as shown in figure 9 . Differences between ΔCT averages were obtained from the control and patient groups for iNOS .
Thus, the results show that gene expression among patient is 2.068 times more than healthy subjects. In this study, two groups (controls and patients) were investigated in terms of gender. The results showed that there is a significant difference between men and women, iNOS expression increasing ore in women than men ( fig. 10 ). 
Checking the Uniqueness of Real-Time PCR
To ensure amplification of the gene, the samples resulted from PCR amplification, two amplified samples of each gene were randomly chosen and were put on 2% agarose gel for 60 min with the voltage of 100 V and the results obtained from agarose gel image confirmed the correct amplification of iNOS and β-actin ( fig. 11 ).
Discussion
Esophageal cancer is a significant health problem throughout the world [21] . The effects of NO in tumor biology are broad, spanning its involvement in cellular transformation, formation of neoplastic lesions, and initiation and regulation of the metastatic cascade. NO participates in genotoxic events [22] . It may mediate DNA lesions through formation of toxic and mutagenic species, by direct modification of DNA, or by inhibition of DNA repair mechanisms [23] . NO and NOS are known to have an important role in many biological processes, including inflammation and cancer [6] . However, it seems that NO and iNOS are associated with antitumor effect and tumor progression [24] . Increased iNOS protein expression and NO level have been found in many chronic inflammatory and autoimmune diseases such as rheumatoid arthritis [25, 26] , multiple sclerosis [27] , asthma [28] and type 1 diabetes [29] . An important inflammatory mediator linking chronic inflammation and cancer is NO, which is produced endogenously [8] . During inflammation, induced expression of iNOS in macrophages and epithelial cells leads to production of NO. The expression of iNOS and the level of NO have been shown to be elevated in various precancerous lesions and carcinomas [30, 31] . The role of iNOS during tumor development is highly complex. Both promoting and deterring actions have been described, presumably depending upon the local concentration of iNOS within the tumor microenvironment [32] . The overexpression in Barrett's esophagus, and in adenocarcinomas arising from it, suggests that iNOS plays a role in the multistage development of esophageal cancer [33] . iNOS activity in macrophages is first regulated and modulated by cellular receptor molecules such as Toll-like receptors and CD14. CD14 is the receptor for lipopolysaccharide (LPS) and plays an essential role in pro-inflammatory responses in Color version available online Color version available online monocytes and macrophages via activation of the nuclear factor kappaB (NF-κB) pathway [34] . CD14 has two distinct forms: mCD14 (GPI-anchored form) and sCD14 (soluble CD14). mCD14 is believed to directly affect LPS simulation via interaction with Toll-like receptor 4 [35] . Interferon gamma (IFNγ) induces iNOS via the JAK-STAT signaling pathway. Activated JAK-STAT signaling pathway increases iNOS induction and NO production ( fig. 12 ) [36] . The regulation of NO synthesis by iNOS differs according to the strain and species of animals and depends on the inducers. Bovine and murine macrophages generate considerable amounts of iNOS in response to cytokine stimulation, but human and pig macrophages Activation of NF-κB and STAT signaling pathway. LPSbinding protein (LBP) transfers LPS to the CD14 receptor on the cell membrane. Binding LPS activates NF-κB or AP-1. The IκB-NF-κB complex is inactive in the cytosol. After activation of the IκB/ NF-κB complex, free NF-κB transfers into the nucleus and induces the expression of iNOS. IFNγ binds to IFNγR and phosphorylates STAT1. Activated STAT1 translocates into the nucleus and increases iNOS induction and NO production [37] .
Color version available online
Color version available online are resistant [38] . Recent developments are reviewed and show that NO biosynthesis is regulated by a variety of mechanisms at the transcriptional and posttranslational levels in activated macrophages and other cells. The level of NO produced by iNOS is mainly regulated at the transcriptional level. The molecular mechanisms for transcription of iNOS have been studied in different cells. Depending on the stimulator or cell type, different signaling pathways activate transcriptional factors, activators such as protein kinase C, tyrosine kinase, Janus kinases, Raf-1 protein kinase, mitogen-activated protein kinases and inhibitors such as protein tyrosine phosphatases and phosphoinositide 3-kinase [39] [40] [41] [42] [43] . The promoter region of the mouse iNOS contains several binding sites for transcription factors like NF-κB as well as Jun/Fos heterodimers, some C/EBP, CREB and the STAT family of transcription factors, within its proximal and distal [40, [44] [45] [46] . The human iNOS promoter contains sequences homologous to mouse proximal and distal regions [36] . Transcription factors like NF-κB and activating protein-1 (AP-1) mediate the expression of iNOS and other inducible genes such as cyclooxygenase-2, vascular cell adhesion molecule-1 and intercellular cell adhesion molecule-1 in immune and inflammatory responses [47] . NF-κB is present in the cytosol as an inactive complex IκB-NF-κB ( fig. 12 ) . The IκB-NF-κB complex is phosphorylated by IκB kinase (IKK) through activation by stimulator(s) such as potent exogenous inducer (LPS) and endogenous inducers (cytokines, IFNγ and tumor necrosis factor alpha [TNFα]), which facilitate the translocation of free NF-κB from cytosol to the nucleus and the induction of iNOS expression [40, 48, 49] . LPS downregulates the DNA-binding activity of the inducible transcription factors NF-κB, CREB and AP-1, whereas it upregulates the DNA-binding activity of constitutive transcription factors promoter-selective transcription factor (Sp1) and activating protein-2 (AP-2) in a time-dependent manner [50] . The regulation of iNOS via the NF-κB pathway is an important mechanism in inflammatory processes and a potential site for intervention in inflammatory disease, the reversal effect of gypenosides, a herbal medicine, on LPS-induced iNOS expression through NF-κB activity, suggesting its use in the treatment of inflammatory diseases [51] . In addition, some compounds suppress iNOS induction via degradation of IκB. H 2 O 2 increases the degradation of IκB and activation of the NF-κB pathway, whereas lactacystin prevents iNOS induction by the blocking degradation of IκB [52, 53] . Therefore, the degradation of IκB, phosphorylation/dephosphorylation of the NF-κB-IκB complex and the translocation of free NF-κB to the nucleus are important in regulating NO production by iNOS . Activation of the C/EBP family transcription factors by protein kinases increases intracellular cAMP concentrations, inducing iNOS in rat vascular smooth muscle cells [44] . NF-κB and C/EBP can also cooperate in a synergistic manner to induce iNOS [54] . Combinations of cytokines or LPS with IFNγ induce iNOS expression synergistically. Suppressor of cytokine signaling-1 (SOCS-1) is a negative regulator of the JAK-STAT signaling pathway activated by cytokines and interferons. Exposure of cells to IFNγ activates Janus kinases, Jak-1 and Jak-2, which phosphorylate and activate STAT1. The activated STAT1 translocates into the nucleus, increases interferon regulatory factor-1 (IRF-1) levels and induces iNOS in murine macrophages, mouse and human islets, hepatocytes and renal mesangial cells ( fig. 12 ) [55, 56] . The overproduction of SOCS-1 inhibits cytokine signals that activate this pathway [36] . NO can regulate its own production. It has biphasic effects on NO synthesis by modulating iNOS mRNA expression [56] . The positive feedback regulation of iNOS expression in renal mesangial cells and vascular smooth muscle cells is mediated indirectly through increased intracellular cAMP levels via inhibition of phosphodiesterase III [57] . The negative feedback regulation of iNOS expression by NO in macrophages and hepatocytes is mediated by the inhibition of NF-κB activation. In contrast to rat renal mesangial cells, in rat aortic vascular smooth muscle cells, NO overproduction is upregulated by negative feedback regulation as well [44] . NO-releasing agents and cGMP analogs can modulate the transcription factors AP-1 and NF-κB in a positive or negative manner, depending on the tissue type [58] . On the other hand, H 2 O 2 and ROS activate NF-κB with enhanced iNOS expression and this is suppressed by antioxidant compounds and enzymes. Thus, H 2 O 2 production by LPS in macrophages participates in the upregulation of iNOS [52] [53] [54] [55] [56] [57] [58] [59] . Some neuropeptides such as vasoactive intestinal peptide and the pituitary adenylate cyclase-activating polypeptide (PACAP) can function as macrophage-deactivating factors. Vasoactive intestinal peptide and PACAP use the cAMP-dependent pathway to stimulate CREB phosphorylation, causing a change in the CRE binding complex, a binding site for IL-10 as a macrophage-deactivating factor, and inhibiting IFNγ induced IRF-1 expression. A cAMP-independent pathway is also involved in the inhibition of IKK activity and NF-κB binding, thus reducing iNOS expression [60] . cAMP induction of iNOS has been documented for macrophages, vascular smooth muscle cells and renal mesangial cells [44] . iNOS expression is related to peroxisome proliferator-activated receptors (PPARs), which may antagonize the activities of transcriptional factors including AP-1, STAT and NF-κB. TNFα and IFNγ may modify PPAR activity, leading to a modified activity on the p65/RelA subunit of the NF-κB signaling pathway [61] . Also important may be the posttranscriptional regulation of iNOS expression. Steady-state iNOS mRNA levels depend on its synthesis, stability and degradation. The 3 ′ -untranslated region of iNOS mRNA contains AU-rich sequences, known to destabilize iNOS mRNA [62, 63] . The exposure of cells to transforming growth factor β (TGFβ) inhibits iNOS induction because it causes iNOS mRNA destabilization [64] . The posttranscriptional effects of TGFβ might be mediated via a modification of IRF-1 activation through the activation of nucleases acting on the AU-rich sequence [65] . In addition, protein kinase C alpha has been shown to play an essential role in iNOS mRNA stabilization in pancreatic β cells [66] . Conversely, iNOS mRNA stability is enhanced by elevation of intracellular cAMP levels, but reduced by increases in intracellular Ca 2+ [67] . Additionally, NO and/or cGMP can modulate iNOS expression by posttranscriptional mechanisms [57] . iNOS mRNA destabilization by cGMP limits iNOS induction during late treatment times of cells supplemented with NO or cGMP donors, and NO and/or cGMP generation and cGMP appear to control iNOS expression by positive and negative feedback mechanisms [57] .
In the present study, the statistical data obtained by iNOS expression yielded that the difference of gene expression between the control and patient groups was not significant, but iNOS expression increased in the patient group. On the other hand, the difference between the two groups is significant in terms of gender, and the increase in gene expression is higher among women than men. In 2005, Chen et al. [68] concluded that iNOS induction with B[α]P can be a mechanism which is consistent with this sentence that B[α]P creates carcinogenesis effects on human esophageal. NO is a free radical and causes nitrogen radical creation which can damage DNA and cause cancer. Further studies indicated that induction of iNOS by B[a]P in the cells is mediated through both MEK/ERKs-and IKK/IκBa/NF-κB-dependent pathways. Also, a connection has been found between inflammation, cancer and NO composition. NO is produced when the body's immune system reacts to infectious bacteria and can cause cancer. The present study concludes that iNOS expression is more increased among women than men. In fact, the women's samples in this research included more inflammation and infection than those of the males. This increase in inflammation and infection is due to increased iNOS expression. Finally, high induction of iNOS leads to overproduction of NO, which is a key factor in cancers and inflammation that is involved in almost all stages of tumor development [69] . iNOS is on chromosome 17q11.2-12 and includes 27 exons [70] . In addition, in this study, to verify the real-time PCR operation, the amplified product was run for both genes by this method on 2% agarose gel and the band of amplified fragments was observed, and it was proved that the gene amplification action through real-time PCR had been correctly and appropriately performed. The real-time PCR method is the most accurate method to investigate changes in gene expression. In this method, only the increase or decrease in gene
